Searching PAJ 



1/2 V 



PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 1 1 -097699 

(43)Date of publication of application : 09.04.1999 



(51)Int.CI. 




H01L 29/786 




G02F 1/136 


(21 Application number : 


09-258822 


(71 Applicant : TOSHIBA CORP 


(22)Date of filing : 

i 


24.09.1997 


(72)Inventor : OZEKI SHIGEKI 



(54) THIN-FILM TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the 
performance and reliability by forming a gate electrode, 
such that the outline thereof is confined within the 
outline of the upper surface of a channel region and 
connecting the gate electrode with a gate line through a 
connection electrode provided on a gate electrode via an 
insulation film. 

SOLUTION: An array substrate constituting a liquid 
crystal display comprises a signal line 1 2 and a gate line 
14 formed, in a matrix form on an insulating substrate, 
i.e., a glass substrate 10, and a pixel electrode 16 is 
provided in a region surrounded by the signal line and 
the gate line. A TFT which functions as a switching 
element is provided in the vicinity of the intersection 
between the signal line 12 and the gate line 14 which are 
connected with the pixel electrode 16 via the TFT. 
According to the arrangement, the breakdown strength 
of gate insulation film and the threshold voltage are 
prevented from being lowered which results in a thin-film 
transistor superior in the electrical characteristics and reliability 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shows the word which can not be 

translated. 

3. In the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor layer which 
has a channel field, and the source field 
and drain field which were located in the 
both sides of a channel field, respectively 
while being prepared on the insulating 
substrate, It has the gate dielectric film 
formed on the above-mentioned 
semi-conductor layer, and the gate 
electrode which countered the 
above-mentioned channel field and was 
formed on gate dielectric film. The 
above-mentioned gate electrode It is the 
thin film transistor which the border line 
is contained inside the border line of the 
top face of the above-mentioned channel 
field, and method formation of **** is 
carried out and is characterized by the 
above-mentioned gate electrode being 
connected to a gate line by the connection 
electrode formed on the gate electrode 
through the interlayer insulation film. 



[Claim 2] The above-mentioned gate 
electrode is a thin film transistor 
according to claim 1 characterized by 
having die length almost equal to the 
channel length of the above-mentioned 
channel field, and width of face shorter 
than the channel width of the 
above-mentioned channel field. 
[Claim 3] It is the thin film transistor 
according to claim 1 or 2 which is 
equipped with the source electrode and 
drain electrode which were connected to 
the above-mentioned source field and the 
drain field, respectively, and is 
characterized by forming the 
above-mentioned connection electrode of 
the same electrode formative layer as the 
above-mentioned source electrode and a 
drain electrode while being formed on the 
above-mentioned layer insulation layer. 
[Claim 4] For the above-mentioned gate 
electrode, 3 is [ claim 1 characterized by 
being formed of the same formative layer 
as the above-mentioned gate line thru/or ] 
a thin film transistor given in the 1st 
term someday. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention 
relateis to a thin film transistor and the 
thin film transistor of the coplanar mold 
which uses polycrystalline silicon as a 
semi-conductor layer especially. 
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[0002] 

[Description of the Prior Artl The MOS 
mold field-effect transistor (MOSFET) is 
used for a thin film transistor (Following 
TFT is called), a semiconductor 
integrated circuit, etc. which function as 
a pixel switching element of an active 
matrix liquid crystal indicating 
equipment. In TFT, polycrystalline silicon 
and amorphous silicon are used for a 
semi-conductor layer in many cases. In 
almost all cases, in TFT which used 
polycrystalline silicon for the 
semi-conductor layer especially, structure 
is adopted every coplanar structure, i.e., 
the gate, top according to the necessity of 
the process of polycrystalline silicon. 
[0003] Every gate top, TFT of structure 
forms a polycrystalline silicon layer on 
the glass substrate which formed the 
under coat, etches this polycrystalline 
silicon layer in the shape of an island, 
detaches it by the component, and has 
further the structure which carried out 
the laminating of gate dielectric film and 
the gate electrode on the polycrystalline 
silicon layer. 
[0004] 

[Problem(s) to be Solved by the 
Invention] Such every gate top, in TFT of 
structure, a polycrystalline silicon , layer 
usually serves as trapezoidal shape, and 
the corner of the polycrystalline silicon 
layer upper limit side is in the condition 
of having contacted gate dielectric film. 
Moreover, electric field concentrate 



locally between the channel field corner 
of a polycrystalline silicon layer, and a 
gate electrode, and a gate electrode also 
causes gate-dielectric-film destruction to 
it, in case the sweep of the electrical 
potential difference is carried out to the 
gate electrode from the negative side in 
order to operate the TFT component of an 
n channel mold since it is similarly 
formed so that the corner of the 
polycrystalline silicon layer upper limit 
side on a trapezoid may be covered 
through gate dielectric film (from a 
forward side to a sweep [ If it is the p 
channel mold TFT ]). 

[0005] Furthermore, the current which 
flows between source drain fields will 
start flowing from the polycrystalline 
silicon layer upper limit section, and will 
cause the fall of threshold voltage (Vth). 
These are the big factor of the 
performance degradation of TFT, and a 
dependability fall. - 

[0006] This invention was made in view 
of the above point, and that purpose is in 
offering the thin film transistor the 
engine performance and whose 
dependability improved. 
[0007] 

[Means for Solving the Problem] In order 
to attain the above-mentioned purpose, 
the thin film transistor concerning this 
invention The semiconductor layer 
which has a channel field, and the source 
field and drain field which were located 
in the both sides of a channel field, 
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respectively while being prepared on the 
insulating substrate, The gate dielectric 
film formed on the above-mentioned 
semiconductor layer, and the gate 
electrode which countered the 
above-mentioned channel field and was 
formed on gate dielectric film, It has the 
layer insulation layer formed on the 
above-mentioned gate dielectric film and 
a gate electrode. The above-mentioned 
gate electrode The border line is 
contained inside the border line of the top 
face of the above-mentioned channel field, 
method formation of **** of the 
above-mentioned gate electrode is carried 
out, and it is characterized by connecting 
with a gate line through the connection 
electrode prepared on the gate electrode 
through the above-mentioned insulator 
layer. 

[0008] Thus, generating of electric- field 
concentration in a channel field edge can 
be controlled by arranging a gate 
electrode inside the profile of a channel 
field at the time of a TFT drive. 
[0009] It becomes possible to obtain TFT 
which can prevent the gate ****** 
destruction resulting from electric-field 
concentration in the semi-conductor layer 
upper limit section, and the fall of 
threshold voltage, and is excellent in 
gate dielectric film destructive resistance 
and by which threshold voltage was often 
controlled by this. 
[0010] 

[Embodiment of the Invention] Hereafter, 



the thin film transistor concerning this 
invention is explained to a detail about 
the gestalt of the operation used for the 
switching element of a liquid crystal 
display, referring to a drawing. 
[0011] Drawing 1 is what showed some 
array substrates which constitute a liquid 
crystal display, this array substrate is 
equipped with the signal line 12 and the 
gate line 14 which were formed in the 
shape of a matrix on the glass substrate 
10 as an insulating substrate, and the 
pixel electrode 16 is formed in the field 
surrounded by the signal line and the 
gate line. Moreover, near the intersection 
of a signal line 12 and the gate line 14, 
TFT 18 which functions as a switching 
element is formed, and the pixel electrode 
16 is connected to the signal line 12 and 
the gate line 14 through TFT 18. 
[0012] TFT 18 is equipped with the 
semi-conductor layer 22 prepared on the 
glass substrate 10 front face through the 
under coat layer 20 for preventing 
diffusion of an impurity as shown in 

drawing 1 and dr awing 2 . The 

semi-conductor layer 22 is mostly formed 
in the shape of a rectangle with 
polycrystalline silicon. This 

semi-conductor layer 22 has source field 
22b and drain field 22c which were 
located in channel field 22a and a list at 
the both sides of a channel field, 
respectively. 

[0013] Gate dielectric film 23 is formed on 
the semi-conductor layer 22 and the front 
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face of a glass substrate 10, further, on 
gate dielectric film 23, it counters with 
channel field 22a of the semi-conductor 
layer 22, and the gate electrode 24 is 
formed. Moreover, the interlayer 
insulation film 26 is formed in this gate 
electrode 24 in piles. 

[0014] On the interlayer insulation film 
26, source field 22b and drain field 22c 
are countered, respectively, and the 
source electrode 28 and the drain 
electrode 30 are formed. And the source 
electrode 28 and the drain electrode 30 
are connected to source field 22b and 
drain field 22c through contact holes 34 
and 36, respectively. Moreover, while the 
drain electrode 30 is connected to the 
pixel electrode 16 which consists of ITO 
formed on the interlayer insulation film 
26, the source electrode 22 and the drain 
electrode 24 are covered, and passivation 
32 is formed. In addition, in drawing 1 , 
in order to avoid complication of a 
drawing, an interlayer insulation film 26 
and passivation 32 are omitted and 
shown. 

[0015] As shown in drawing 1 and 
drawing 3 , the gate electrode 24 is 
formed in the shape of a rectangle, and 
the area is formed smaller than the area 
of channel field 22a of the semi-conductor 
layer 22. Moreover, the gate electrode 24 
is formed in width of face shorter than 
channel width L2 while it has die length 
almost equal to the channel length Ll of 
the semi conductor layer 22. And the gate 



electrode 24 is formed so that the border 
line may be contained inside the border 
line of channel field 22a, and opposite 
arrangement is carried out with the 
semi-conductor layer 22 in the location 
which does not lap with the upper limit 
face angle section of region 22a for 
channels. 

[0016] And the gate electrode 24 is 
connected to the gate line 14 through the 
connection electrode 40 formed on the 
interlayer insulation film 26. That is, the 
end of the connection electrode 40 is 
connected to the gate electrode 24 
through a contact hole 42, and the other 
end is connected to the gate line 14 
through the contact hole 44. 
[0017] TFT 18 which has the 
above-mentioned configuration is 
manufactured according to the following 
processes. First, on a glass substrate 10, 
in order to prevent the impurity diffusion 
from a substrate, the under coat layer 20 
is formed. Si02 formed by chemistry 
vapor phase reaction or the sputtering 
method is used for the under coat layer 
20. the under coat layer 20 -- in addition, 
Si3N4 and Si3 -- the thin film which has 
the two-layer structure of N4 and Si02 
may be used. 

[0018] Then, the polycrystalline silicon 
(polish recon) as a semi-conductor layer 
22 is formed on the under coat layer 20. 
this polish recon film -- for example, a 
plasma-CVD method and LPCVD - after 
forming the amorphous silicon film by the 



4/8 



JP11-097699A 



membrane formation approaches, such as 
law and the sputtering method, laser 
annealing is given to this amorphous 
silicon film, and it forms by carrying out 
polycrystalization. 

[0019] Moreover, as other formation 
approaches, the approach of forming the 
direct polish recon film may be used by 
the approach of forming with solid phase 
growth from an amorphous silicon (seed), 
and the plasma -CVD method which made 
material gas SiH4, SiF4, H2, etc., for 
example. In addition, as a semi conductor 
layer 22, the amorphous silicon film other 
than the polish recon film may be used, 
the amorphous silicon film - for example, 
a plasma-CVD method and LPCVD - it 
forms by the membrane formation 
approaches, such as law and the 
sputtering method. 

[0020] Next, the formed polish recon film 
is etched and it is made the shape of an 
island; Etching is performed by the 
chemical dry etching (CDE) which used 
for example, CF4 and 02 gas. etching 
conditions - 02-/CF4 flow rate* - 4 and 
etching pressure = - 40 (Pa) and 
microwave power-source power: - 800 
(W) and substrate temperature^ - it is 
referred to as 60 (degree C). Of such 
etching, the include angle of glass 
substrate 10 front face and the side face 
of the channel width direction of the 
semi-conductor layer 22 to make turns 
into about 30 degrees, and the polish 
recon film of trapezoidal shape is formed. 



[0021] Then, Si02 film as gate dielectric 
film 23 is formed by the plasma- CVD 
method which makes material gas 
tetraethyl orthochromatic silicate (TEOS) 
and 02. as the formation approach of 
gate dielectric film 23 - in addition, an 
ordinary pressure CVD method and 
LPCVD other CVD methods, such as 
law, an ECR plasma-CVD method, and a 
remote plasma-CVD method, the 
sputtering method, etc. may be used. 
SiH4 and 02 may be used also as 
material gas in addition to TEOS-02 gas. 
[0022] After forming gate ****** 23, you 
may anneal the membraneous quality of 
gate dielectric film on 600 degrees C and 
the conditions of 5 hours in 
nitrogen-gas-atmosphere mind for the 
purpose of making it improve further. 
[0023] Then, the electrode formative 
layer for forming the gate electrode 24 
and the gate line 14 on gate dielectric 
film 22 is formed. As the electrode 
formative layer,, low resistance metals, 
such as a molybdenum-tungsten alloy 
(MoW) and aluminum (AI), the 
polycrystalline silicon with which the 
impurity was introduced are used. 
[0024] Next, as shown in drawing 4 , 
patterning of the above-mentioned 
electrode formative layer is carried out, 
and the gate line 14 and gate electrode 
24a are formed. At this time, as for gate 
electrode 24a, channel die -length LI lay 
length forms the width of face of a 
channel width L 2-way as channel 
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length's Ll design value again so that the 
periphery corner of the semi-conductor 
layer 22 may be covered. This is because 
an impurity is not injected into the 
channel width direction edge of the 
semi-conductor layer 22 by using gate 
electrode 24a as a mask in the case of the 
impurity impregnation performed at 
degree process. 

[0025] Then, source field 22b and drain 
field 22c are formed by carrying out the 
ion implantation of Lynn (P) which is n 
mold impurity to the semi-conductor 
layer 22 on condition that 5El6cm-2, 
using this gate electrode 24a as a mask. 
Then, Lynn introduced by the 
above-mentioned ion implantation is 
activated by annealing, such as laser 
annealing and heat annealing. In 
addition, in manufacturing p mold 
channel TFT, it carries out the ion 
implantation of the p mold impurities, 
such as boron (B). * - 
[0026] Next, as shown in drawing 1 , 
patterning of the gate electrode 24a is 
carried out so that it may become smaller 
than the area of the upper limit section of 
the semi-conductor layer 22, and so that 
it may become shorter than channel 
width L2, and the gate electrode 24 which 
dissociated from the gate line 14 and was 
located only on the semi-conductor layer 
22 is formed. 

[0027] Then, an interlayer insulation film 
26 is formed in the whole surface, and the 
contact holes 42 and 44 which followed 



the contact holes 34 and 36 which 
followed this interlayer insulation film 26 
at source field 22b and drain field 22c, 
respectively, the gate electrode 24, and 
the gate line 14, respectively are formed. 
[0028] And after forming metal 
membranes, such as aluminum, on an 
interlayer insulation film 26, a signal line 
12, the source electrode 28, the drain 
electrode 30, and the connection electrode 
40 are formed by carrying out patterning 
of this metal membrane, respectively. 
Then, TFT 18 is completed by forming 
passivation 32. 

[0029] this invention person produced 
TFT18 concerning the gestalt of this 
operation constituted as mentioned above, 
and the n channel TFT (channel width =9 
micron, channel length = 4.5 microns) of a 
conventional type, and investigated 
relation with gate pressure -proofing and 
threshold voltage of a TFT property. The 
result is shown in the following table 1. 
[0030] 
[Table 1] 
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[0031] As shown in the above-mentioned 
table 1, improvement in gate 
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pressure -proofing was able to be aimed at 
as compared with the conventional TFT, 
and the fall of threshold voltage was able 
to be controlled, and it was able to be 
made the original value because a gate 
electrode considers as structure shorter 
than channel width smaller [ the area of 
the gate electrode formed through gate 
dielectric film on a semi-conductor layer ] 
than the area of a semi conductor layer. 
[0032] According to TFT concerning the 
gestalt of this operation constituted as 
mentioned above, the gate electrode 
formed through gate dielectric film on the 
semi-conductor layer The border line is 
contained inside the border line of the top 
face of the above-mentioned channel field, 
and method formation of **** is carried 
out. That is, the area is formed smaller 
than the area of a channel field. Since it 
is prepared in the location which does not 
lap with a channel field periphery corner, 
the fall of the gate ****** 
pressure -proofing by the electric-field 
concentration which takes place in the 
semi-conductor layer upper limit section, 
and the fall of threshold voltage can be 
controlled in the case of a gate voltage 
sweep. Thereby, ****** run JISUTA 
excellent in electrical characteristics and 
dependability can be offered. 
[0033] 

[Effect of the Invention] According to this 
invention, as explained in full detail 
above, in the thin film transistor of the 
coplanar mold which uses polycrystalline 



silicon as a semi conductor layer, that 
border line is contained inside the border 
line of the top face of the 
above-mentioned channel field, method 
formation of **** is carried out and the 
gate electrode formed through gate 
dielectric film on the semi conductor 
layer can control generating of 
electric-field concentration in the 
semi-conductor layer upper limit section 
in the case of actuation. The thin film 
transistor which prevents 

gate dielectric-film destruction and the 
fall of threshold voltage, and is excellent 
in gate ****** destructive resistance and 
by which threshold voltage was often 
controlled by this can be offered. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[Drawing ll The top view of the thin film 
transistor concerning the gestalt of 
implementation of this invention; 
[Drawing 21 The sectional view in 
alignment with line A- A of drawing 1 . 
[Drawing 3l The sectional view in 
alignment with line B-B of drawing 1 . 
[Drawing 41 The top view of the 
above-mentioned thin film transistor in a 
production process. 
[Description of Notations] 
10 -- Glass substrate 
12 - Signal line 
14 Gate line 
16 Pixel electrode 
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18 ~ TFT 

22 Semi-conductor layer 
22a - Channel field 

22b - Source field 
22c - Drain field 

23 - Gate dielectric film 

24 - Gate electrode 

26 Interlayer insulation film 

28 Source electrode 

30 Drain electrode 

40 - Connection electrode 
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a ^MfSc y-hm^2 4afi, ^^^/U 

50 ^^^/HtgL2^rp]C0tBfi^»«s:S2 2 



(4) 



ftmW-l 1-9 7 6 9 9 



[0 0 2 5] g^t, :^y-h®i2 4a^X^ ( l: 

*i#l2 2i:nSTO&-e*)6y>' (p) 

#y*Ltf, 5 E 1 6 c m- 2 *->i£A-r5 

rsS^fclA* (b) *OpI^«»*^tytt 

A-T£o 

[0 0 2 6] 0 l Id^-Ti: 5 hmffi2 4 
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* [0 0 2 7] *<D'&, «B8»ay«2 6*^ffiJ^*U 
r^BBB«SWK2 6^. y-^tf 2 2 b, KK^i 
^c2 2 c tttl*:timtiL\*tZ*>'** b*-/U3 4, 3 
6. *5J:tW- hS®2 4*3J:tfy- hiHl 4(C^^ 

[0028] * it, nnfesus 2 6 ±ca 1 ^<d&m 

it), fl^»12, V^IS2 8, KWyt«3 
0, ^5 J:^ifgHi4 0 ^ttimMtSo 
s<i/'<-i/3>'3 2$:Mf$L-rZ>Z.btZ&'9^ TFT 18 

[0029] ±IEco J: 5 fcfltafcSttfc;*:!! 

MIl^^TFTlSh «»nft^TF 
T (ft^/*=9^py, ^^^/U*=4. 5^ 

•flEt^HttSrW^fc. t«)ft*tBT«)«ll^t. 
[0 0 3 0] 





TFTSSfiWE (Vth) 








8 0 «Jt h 




2 . 5 *OU h 


6 5 tfJU b 



[0 0 3 1] ±kmi $ ¥m»m±\z 

h*6gaKSr^uT«fifci-sy- hm*g£> serais 

[0032] M±<D£5\z.mj&tstitc*mn<oj&m\z& 
6TFTiattn ¥^{«iJti;iy- bmmm&insX 

[0 0 3 3] 



fctfifu ^oHStE^ X < SOW £ JxfcSHK h7>"^ 

[0®<Offi¥fctfc"3l§] 
.[HI] CO^O||ffi^ffi{^-5*Kh7V^^ 

[02] la 1 <nmA-A\zfe^tit 
[03] 01^«B-B(w^ofc0 



1 0-tf7*m 
1 2 

1 4 hi» 

1 6— iriRfts 

1 8— TFT 

2 2-¥*ftJ| 
2 2a — ^ir-*/ 

2 2 b »-y— 

2 2 c - Kl^-f ^ 

2 3- -y- 



4 



(5) «fH¥1 1 -9 7 6 9 9 



2 hSfii 3 0 •• 

2 8- -y— 




